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The normalized FUSE spectra of
HD 124314

D. C. Knauth et al., Nature 429, 636(2004)
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N ( N2)=(46i08)x 1013cm™ The normalized FUSE spectra of
HD 124314

*for dense cloud model, two orders of magnitude lower than expected

for diffuse cloud model, two orders of magnitude larger than expected
D. C. Knauth et al., Nature 429, 636(2004)



TABLE 1. Identified interstellar and circumstellar molecules, [Most molecules have been detected
at radio and millimeter wavelengths, unless otherwise indicated (IR, VIS, or UV). Species labeled
with a question mark await confirmation.]

Simple hydrides, oxides. sulfides, halogens

H, (IR, UV)
0,

H,O

PN

N,O

HONC

C, (IR)

C; (IR,UV)
Cs* (IR)
C,0

CsS

C,sit

H:C_;

H,CO
CH;CHO
CH,CH,CHO
NH,CHO
CH,OHCHO
C,H;0CHO

C3H,
c-SiCy

CH™
CH, "
HS*
HCS™

C.H-
CN-

OH

CH

CH,

NH (UV)
NH,

SH

C.H,
C.H,
CeH,
HCP

Cgo (IR)

CO NH; Ccs
H,0, PO CO, (IR)
SO, 0CSs H,S
SiO0 SiH," (IR) SiS
CH, (IR) HSCN HF
HNCO AIOH
Nitriles and acetylene derivatives
HCN CH;CN HNC
HC;N CH;C3;N HNCO
HCsN CH;CsN HNCS
HC;N CH,C,H HNCCC
HCyN CH,C,H CH;NC
HC, N CH;C¢H HCCNC
HC,CHO CH,CHCN CH,CCHCN
Aldehydes. alcohols, ethers, ketones, amides
CH;O0H HCOOH HCOCN
CH,CH,OH HCOOCH; CH;NH,
CH,CCHOH CH;COOH CH;CONH,
(CH,OH), (CH;),0 H,CCO
(CH;),CO H,CS
CH;SH
Cyclic molecules
SiC, c-C3H CH,OCH,
H,C;0 C,H,0
Molecular cations
co™ HCNH™ OH™
HCO™ HC;NH* H,O"
HOC™ H,COH* H;0"
HOCO™ CF* HCI*
Molecular antions
CoH™ CyH™
C;N~ CsN™
Radicals
C,H CN c,0
C;H C3N NO
C4H HCCN* SO
CsH CH,CN HCO
C¢H CH>N CsN*
C,H NaCN KCN
CyH MgNC FeCN
HNO H,CN HNC;
AINC SiNC C,Si
ccp AlO
Fullerenes
Cy" (IR) Cyy ™ (VIS) ?

HCI
NaCI*
KCI*
AlCT
AIF*

C,Hy" (IR)
CoH; (IR)
CoH, (IR)
CiH,
C;H,CN

CH;CH,CN
NH,CH,CN
NH,CN
CH,CHCN

CeH, (IR) ?

HN, "
H," (IR)
SO*
H,Cl*

.8
NS
sic?
SiN®
CP-‘I
MgCN

HO,
SiCN

“These species have been detected only in the circumstellar envelope of carbon-rich stars.

TABLE II.

The composition of diffuse clouds and molecular clouds.

The entries in parentheses should be read as a (—b) = a X 107",

Species Diffuse clouds” Molecular cloud”
H 1.2

H, 1 1
HD 5(=7)

H,~ 5(—8)°

0 1.6 (—4)

OH 1.0(—=7) 3.0 (—7)
H,O0 ‘ 5(—9)
OH* 1(—8)f

H,0" 2 (-9

H;0" 15 (—9)

0, 5(—8)"
c* 26 (—4)

C 7.0 (—6)

C, 33 (—8)

C, 35(—9)

CH 5(—8)

CH* 6.3 (—8)

C,H 3(—8) 5(—28)
C;H, 1(—9)

Cco 5(—6) 5(—5)
HCO™ 5(—10) 8(—9)
N 25(—5)

N, 3(—7)° 3(—5)¢
NH 2(—9) 3 (—10)°
NH, 20 (—9) 6 (—11)°
NH; 20 (—9) 2 (—8)°
N,H* 5(—10)
CN 5(—8) 3(—10)
HCN 3(—9) 2 (—8)
HNC 6 (— 10) 2 (—8)
HCsN <2 (—11) 1 (—10)
CS 3(—9)

SO 2(—9)

H,CO 40 (—9) 2(—28)
CH,O0H <7 (—11) 2(—9)
HCl 2 (— 10)

A. G. G. M. Tielens, Rev. Mod. Phys. 85,1021 (2013)
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F16. 1.—Interferometer spectra, 5733-5768 cm™. Upper frace: Sun, average of 2 spectra, July 2 and 4, 1966, mean sec Z = 1.25. Middle irace: Venus I,
average of 4 spectra, June 6 to July 7, mean sec Z = 1.14. Lower trace: Venus II, average of 5 spectra, June 6 to July 7, mean sec Z = 1.66. In this last case

the variation in sec Z during recording is quite large and the mean sec Z given merely as an order of magnitude indication. The wavenumber scale is in vac-
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ines (marked @) on segment (a) and the greater breadth of telluric H;O lines (marked @) compared with HCI on segment (b). = = SZ I:I

ing of Fraunhofer

CONNES. P, CONNES. J, BENEDICT. WS, ASTROPHY'S J, 147:1230-1237 (1967)

U. von Zahn, V.I. Moroz, Composition of the Venus atmosphere below 100 km altitude. Adv. Space Res. 5,173-195 (1985).
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X. J. Liu, et al., Rev. Sci. Instrum., 72, 3357(2001)
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t’ Electron gun

Analyzer & Detector

Decelerating
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Gas nozzle

M. Inokuti, Rev. Mod. Phys. 43, 297(1971)
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P. M. Platzman et al., Phys. Rev. 139, A410 (1965)
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Diffraction of polycrystal gold
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Crosschecking the experimental results determined by different
experimental methods can exclude the possible systematic errors
and provide the experimental benchmark!
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High-energy electron diffraction X-ray diffaction
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»  four gases Ne, Ar, Kr, and Xe, when the cross sections ’R. H. J. Jansen and F. J. DeHeer, in Abstracts of Papers of
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Elastic X-ray scattering from state-selected molecules

Thomas Northey,! Andrés Moreno Carrascosa,’ Steffen Schafer,? and Adam Kirrander'#
'EaStICHEM, School of Chemistry, University of Edinburgh, David Brewster Road,

EH9 3FJ Edinburgh, United Kingdom

*Aix-Marseille Université and Institut Matériaux Microélectronique Nanosciences de Provence (IM2NP),
Marseille, France

(Received 16 June 2016; accepted 24 August 2016; published online 19 October 2016)

The characterization of electronic, vibrational, and rotational states using elastic (coherent) X-ray
scattering is considered. The scattering is calculated directly from complete active space self-
consistent field level ab initio wavefunctions for H, molecules in the ground-state X'ZA’, and
first-excited EF'Z: electronic states. The calculated scattering is compared to recent experimental
measurements [Y.-W. Liu er al., Phys. Rev. A 89, 014502 (20141, and the influence of vibra-
tional and rotational states on the observed signal is examined. The scaling of the scattering
calculations with basis set is quantified, and it is found that energy convergence of the ab initio
calculations is a good indicator of the quality of the scattering calculations. Published by AIP
Publishing. [htp://dx.doi.org/10.1063/1.4962256]

High-precision _measurement of the differential cross
section of X-ray elastic scattering from H,!? provides a

welcome opportunity to examine molecular form factors and

an interesting route for the study of the electronic structure of

atoms and molecules. The excellent agreement between the

experimental measurements and the calculations presented in
this article hold promise that this approach could be extended
to a wider range of molecules.”® In the future, the prospect
of identifying electronic states in conjunction with time-
dependent ultrafast X-ray scattering could enable complete
characterization of reaction paths using X-ray scattering.
Recent time-resolved experiments!®2%%7 combined with the-

ory?8-60:68 constitute an important first step towards this goal.

Ya-Wei Liu et al, RRA 89, 014502, (2014);
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The comparison of three commonly used methods
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